We measured serum levels of circulating intercellular adhesion molecule-1 (cICAM-1) in patients with systemic sclerosis (SSc) and normal controls. The levels of cICAM-1 were determined by sandwich enzyme-linked immunosorbent assay in sera from 88 patients with SSc and in 20 healthy controls. In addition, these levels were examined in the supernatants of cultured peripheral blood mononuclear cells (PBMC) and dermal ®broblasts from 10 patients with SSc and 10 healthy control subjects. Serum levels of cICAM-1 were signi®cantly higher in patients with SSc than in healthy controls. Serum cICAM-1 levels were signi®cantly higher in patients with diuse cutaneous SSc (dcSSc) than in patients with limited cutaneous SSc (lcSSc). These serum levels were correlated with the presence of contracture of phalanges, pulmonary ®brosis, joint involvement and increased erythrocyte sedimentation rate. The release of cICAM-1 was signi®cantly increased in the supernatants of cultured PBMC from patients with SSc. Moreover, in¯ammatory cytokines (interferon-g, interleukin-1 and tumour necrosis factor-a) enhanced the release of cICAM-1 in vitro in SSc cells. These ®ndings suggest that cICAM-1 may be involved in immune reactions in this disease.
SCLERODERMA, or systemic sclerosis (SSc), is a generalized connective tissue disease which involves sclerotic changes in the skin and many other organ systems [1] . Although the pathogenesis of SSc is still unknown, the basic mechanism appears to involve endothelial cell injury, overproduction of extracellular matrix and aberrant immune activation [2±4] . The presence of mononuclear cell in®ltrates and increased serum levels of certain cytokines have highlighted the importance of adhesion interactions with leucocytes and the control of adhesion molecule expression in SSc [5±7] .
Intercellular adhesion molecule-1 (ICAM-1; CD54), a 76±114 kDa cell surface glycoprotein and member of the immunoglobulin supergene family, plays an important role in a variety of in¯ammatory and immune-mediated mechanisms, including lymphocyte recruitment and targeting, antigen presentation and recognition, and lymphocyte cytotoxicity [ 8± 10] . ICAM-1 is the counter-receptor for leucocyte function-associated antigen-1 (LFA-1, or CD11a/ CD18) and Mac-1 (CD11b/CD18) [8] . ICAM-1 is expressed on various cell types, such as vascular endothelial cells, epithelial cells, ®broblasts, tissue macrophages and peripheral blood leucocytes [10] . Upon stimulation with interferon-g (IFN-g), interleukin-1 (IL-1) or tumour necrosis factor-a (TNF-a), there is a rapid and strong increase of expression of ICAM-1 on lymphoid cells, keratinocytes, ®broblasts and endothelial cells [10] .
In addition to membrane-bound ICAM-1, a circulating form of this molecule has been described [11] . This circulating ICAM-1 (cICAM-1) is functionally active and can be detected in the sera of healthy subjects with an enzyme-linked immunosorbent assay (ELISA). High levels of cICAM-1 have been noted in a variety of in¯ammatory and neoplastic conditions [12±14] .
In the present study, we measured serum levels of cICAM-1 in patients with SSc and investigated whether these levels were correlated with clinical or serological features of this disease. Furthermore, we investigated levels of cICAM-1 in the supernatants of cultured mononuclear cells and dermal ®broblasts, and examined the eects of the cytokines such as IL-1b, TNF-a and IFN-g on the release of this molecule. Cultured mononuclear cells from patients with SSc released greater amounts of cICAM-1 both basally and in response to in¯ammatory cytokines.
PATIENTS AND METHODS

Patients
Eighty-eight patients with SSc and 20 healthy control subjects were studied. The patients with SSc were classi®ed according to the classi®cation system proposed by LeRoy et al. [15] : 44 patients had limited cutaneous SSc (lcSSc) and 44 had diuse cutaneous SSc (dcSSc), as previously described [16] . All patients with dcSSc and 39 with lcSSc ful®lled the criteria proposed by the American College of Rheumatology (formerly the American Rheumatism Association) [17] . All ®ve patients with lcSSc who did not meet these criteria had sclerodactyly and at least two other features of the CREST syndrome (calcinosis, Raynaud's phenomenon, oesophageal dysmotility, telangiectasia).
Clinical assessment
Clinical and laboratory data reported in the present study were obtained at the time the blood samples were drawn. Patients were evaluated for the presence of gastrointestinal, pulmonary, cardiac, renal or muscle involvement as described previously [16, 19] : (a) oesophageal hypomotility was de®ned as distal oesophageal hypomotility on barium radiography; (b) pulmonary interstitial ®brosis was de®ned as bibasilar interstitial ®brosis on chest radiograph (high kV ®lm) and high-resolution CT scan, and pulmonary function tests were also performed; (c) cardiac involvement was de®ned as any of the following: symptomatic pericarditis, clinical evidence of left ventricular congestive heart failure or arrhythmias requiring treatment; (d) renal involvement was de®ned as malignant hypertension and/or rapidly progressive renal failure; (e) skeletal muscle involvement was de®ned as proximal muscle weakness and elevated serum creatine kinase level, plus abnormal electromyographic ®ndings consistent with myopathy and/or histopathological changes of in¯ammatory myopathy; (f ) joint involvement was de®ned as inammatory polyarthralgia or arthritis.
ANA analyses
Antinuclear antibodies (ANA) were detected by immuno¯uorescence, using HEp-2 cells as the substrate, and double immunodiusion [20] .
Fibroblast cultures
Fibroblasts were obtained by skin biopsy from aected skin of 10 patients with dcSSc with a <2 yr duration of skin thickening. All the patients had thickening of the forearms at the time of biopsy and the sclerotic changes were con®rmed histologically. All the patients had elevated cICAM-1 levels. Control ®broblasts were obtained by biopsy from 10 healthy donors matched with each SSc patient according to sex, age and biopsy site. Control subjects had normal cICAM-1 levels. The cells were cultured in minimum essential medium (MEM) supplemented with 10% fetal calf serum (FCS). Fibroblasts between passages 2 and 4 were used for experiments.
For cytokine treatment, the ®broblasts were grown to con¯uence in 24-well plates. The culture medium was replaced with serum-free MEM and ®broblasts were cultured either in the absence or in the presence of the cytokines. The recombinant human cytokines, IL-1b (Boehringer-Mannheim, Indianapolis, IN, USA), IFN-g and TNF-a (R&D Systems Inc., Minneapolis, MN, USA), were used at 50 ng/ml, 100 U/ml and 10 ng/ml, respectively. These concentrations were considered to have maximum eects according to the dose±response curves. After incubation for 48 h and 7 days, the ®broblast supernatants were collected, centrifuged for 5 min at 6000 g, and concentrated 10-fold on Centricon devices (Amicon, Beverley, MA, USA) at 48C.
Separation and culture of peripheral blood mononuclear cells
Peripheral blood mononuclear cells (PBMC) were separated from the same patients and control subjects listed above, as described previously [18] . Brie¯y, heparinized venous blood was obtained from patients and healthy volunteers, as described above. Mononuclear cells were separated by layering over Ficoll-Hypaque (Pharmacia, Piscataway, NJ, USA) in 50 ml plastic tubes. Tubes were centrifuged for 10 min at 330 g, and plasma and mononuclear cells were collected using a Pasteur pipette. PBMC were subsequently washed three times with RPMI 1640, counted, and adjusted to a concentration of 10 6 cells/ ml in RPMI 1640 supplemented with 10% FCS. PBMC were cultured either in the absence or in the presence of the cytokines described above. After incubation for 48 h, the supernatants were collected, centrifuged and concentrated as described above.
Circulating ICAM-1 assay cICAM-1 levels were measured with a speci®c ELISA kit (T cell Diagnostics, Cambridge, MA, USA), as described previously [5] . Brie¯y, serum samples diluted 1:100 (25 ml) were applied to the polystyrene microwells pre-coated with murine monoclonal antibody against human cICAM-1. A horseradish peroxidase-conjugated anti-mouse monoclonal antibody with functional neutralizing properties that binds to the cICAM-1 captured by the primary antibody was then added. Following incubation for 2 h at room temperature and extensive washing, the reaction product was developed in tetramethylbenzidine for 30 min, and then the enzyme reaction was terminated with 2 N sulphuric acid. Absorbances for samples and cICAM-1 were determined with a Titertek Uniskan (Flow Laboratories, McLean, VA, USA) at 490 nm. cICAM-1 levels in serum samples were determined by comparing the mean absorbance of duplicate samples with the standard curve for each assay. The sensitivity of this assay was 0.3 ng/ml. Serum cICAM-1 levels >2 S.D. above the mean level in the normal controls were regarded as elevated.
Statistical analysis
Statistical analysis was carried out with Student's t-test or the Mann±Whitney test for the comparison of means, Fisher's exact probability test for the analysis of frequency, and Newman±Keul's test for multiple comparisons. Correlations with clinical data were assessed by Spearman's rank correlation coecient. P values of <0.05 were considered signi®cant.
RESULTS
Serum levels of cICAM-1
Serum levels of cICAM-1 in samples derived from patients with SSc and normal individuals are illustrated in Fig. 1 . Compared with levels in the healthy control subjects (mean 2S.D. 192.0 2 49.0 ng/ml), serum levels of cICAM-1 were signi®cantly elevated in the patients with SSc (316.72 170.3 ng/ml; P<0.0001). As seen in Fig. 1 , patients with dcSSc had signi®cantly higher serum cICAM-1 levels (370.7 2171.6 ng/ml) than those with lcSSc (262.7 2152.6 ng/ml; P<0.001). The cut-o value (mean + 2 S.D.) was set at 290.0 ng/ml, based on the data for the 20 healthy control sera. Elevated serum levels of cICAM-1 were found in 28/44 (64%) patients with dcSSc and 12/44 (27%) patients with lcSSc.
Correlation of serum cICAM-1 levels with clinical and serological features of patients with SSc
The clinical and serological features in the patients with elevated and with normal cICAM-1 levels are shown in Table I . The presence of pulmonary ®brosis was found in a signi®cantly greater proportion of patients with elevated cICAM-1 levels than in those with normal levels (63% vs 33%; P <0.02). The presence of decreased per cent vital capacity (%VC) and of decreased per cent diuse capacity for carbon monoxide (%DLco) was also signi®cantly correlated with elevated cICAM-1 levels (38% vs 16%, P<0.05; 81% vs 49%, P<0.05, respectively). The patients with elevated cICAM-1 levels had signi®cantly lower %VC values than those with normal levels (mean 2S.D. 51.6 224.0% vs 67.9 2 20.2%; P<0.05). Similarly, the patients with elevated cICAM-1 levels displayed signi®cantly lower %DLco values than those with normal levels (mean2 S.D. 75.6 217.5% vs 93.5 211.0%; P<0.05). Moreover, increased serum cICAM-1 levels were correlated with decreased %VC and %DLco even in dcSSc patients with pulmonary ®brosis (P<0.05).
The presence of joint involvement was signi®cantly greater in patients with elevated cICAM-1 levels than in those with normal levels (51% vs 27%; P<0.05). The presence of increased erythrocyte sedimentation rate (ESR) levels was also signi®cantly correlated with elevated cICAM-1 levels (79% vs 50%; P<0.01), and the levels of ESR were signi®cantly correlated with serum cICAM-1 levels (r = 0.392, P<0.01). However, there was no signi®cant correlation between elevated cICAM-1 levels and the presence of elevated CRP levels. 
Levels of cICAM-1 released into culture supernatants
The supernatant media of PBMC from patients with SSc and normal healthy controls contained detectable amounts of cICAM-1 (Table II) . The levels of cICAM-1 were signi®cantly higher in the culture supernatants from SSc cells than in those from normal cells (mean 2 S.D. 2.5 2 0.5 ng/ml vs 1.0 2 1.2 ng/ml; P<0.05). However, the supernatants of SSc and normal ®broblasts did not have detectable amounts of cICAM-1.
Next, we examined the eects of IL-1b, TNF-a and IFN-g on the cICAM-1 levels released by PBMC and ®broblasts. All of these cytokines markedly increased the levels of cICAM-1 released by PBMC in a dose-dependent manner (data not shown). The levels of cICAM-1 were signi®cantly increased, by 70, 106 and 132%, in supernatants of PBMC from SSc treated with IL-1b, TNF-a and IFN-g, respectively. Culture of normal PBMC in the presence of these cytokines was also found to give rise to similar upregulation of cICAM-1 release, which was raised by 167, 100 and 152% when treated by IL-1b, TNF-a and IFN-g, respectively. Furthermore, the levels of cICAM-1 were signi®cantly higher in the supernatants of PBMC from patients with SSc than in those from normal cells in the presence of IL-1b, TNF-a and IFN-g, respectively.
Although the supernatants of SSc and normal ®broblasts did not have detectable amounts of cICAM-1, the levels of cICAM-1 release were detectable in normal and SSc ®broblasts in the presence of these cytokines. However, there were no signi®cant dierences between these levels.
Furthermore, cICAM-1 levels released by PBMC were correlated with serum levels in patients with SSc (r = 0.85, P <0.01). DISCUSSION cICAM-1 contains most of the structure and function of the extracellular portion of cell-bound ICAM-1. Thus, cICAM-1 is thought to be generated through proteolytic cleavage of cell-bound ICAM-1 close to the cell membrane [11] . It appears that the main sources of cICAM-1 in vivo are mononuclear cells and endothelial cells, because it was demonstrated that cICAM-1 is released by activated mononuclear cells and activated endothelial cells in vitro [11, 21, 22] . cICAM-1 has been reported to function as a competitive inhibitor of membrane-bound ICAM-1;
cICAM-1 inhibits LFA-1/ICAM-1-mediated cell adhesion in vitro [11, 21, 23] , and abrogates the non-MHC-restricted cytotoxicity mediated by natural killer cells and lymphokine-activated killer cells [24] , suggesting that cICAM-1 may have important eects on the immune system.
In this study, we demonstrated that serum levels of cICAM-1 were signi®cantly higher in patients with SSc than in healthy control subjects. This suggests ICAM-1 upregulation in patients with SSc, since the amount of cICAM-1 is correlated with the level of surface expression of ICAM-1 in vitro [21] . Indeed, increased expression of cell-bound ICAM-1 has been documented immunohistochemically at the sites of mononuclear cell in®ltrates and ®broblasts in the involved skin of patients with SSc [25±27]. Several studies have shown that the shedding of cICAM-1, as well as upregulation of cell-bound ICAM-1, is induced by activation signals and cytokines, such as TNF-a, IL-1 and IFN-g [10, 11] . Thus, elevated serum levels of cICAM-1 may be a consequence of chronic systemic exposure to these cytokines in patients with SSc.
Patients with dcSSc had signi®cantly higher serum cICAM-1 levels than those with lcSSc. Moreover, serum cICAM-1 was signi®cantly correlated with the presence and the severity of pulmonary ®brosis, the presence of joint involvement, and ESR. This indicates that serum cICAM-1 may re¯ect the severity of this disease. The previous study also indicated that serial measurement of this molecule may have potential value as a marker for clinical progression or remission in this disease [28] .
We detected signi®cantly higher levels of cICAM-1 in the culture supernatants from lcSSc PBMC than in those from normal cells. Furthermore, the levels of cICAM-1 were signi®cantly higher in the supernatants of PBMC from patients with SSc than in those from normal cells in the presence of IL-1b, TNF-a and IFN-g, respectively. However, the relative enhancement was less for SSc PBMC. These data suggest that SSc PBMC were already activated and less responsive to exogenous in¯ammatory cytokines. Values are mean2S.D. (ng/ml). cICAM-1, circulating intercellular adhesion molecule 1; SSc, systemic sclerosis; IL-1b, interleukin-1b (50 ng/ml); TNF-a, tumour necrosis factor-a (10 ng/ml); IFN-g, interferon-g (100 U/ml).
*P<0.05, **P<0.01.
It is also notable that although there were no signi®c-ant dierences in cICAM-1 levels between the supernatants of SSc ®broblasts and those of normal cells in the presence or absence of these cytokines, we detected signi®cantly higher cICAM-1 in the supernatants of SSc PBMC than in those of normal cells. It could be postulated that elevated serum levels of cICAM-1 in patients with SSc may re¯ect the elevated release of this molecule from PBMC of the patients. The previous study indicated that cICAM-1 levels were higher in the culture supernatants of SSc ®broblasts than in media of normal cells [29] . This is dierent from our result. The dierence may be due to the patient population or assay conditions. Further studies are needed to clarify the cICAM-1 levels in the culture supernatants of SSc ®broblasts and normal cells. The data reported in this study suggest that the presence of in¯ammatory mediators directly aects the elevated cICAM-1 levels from SSc PBMC, which potentially in¯uence leucocyte interactions in vivo and the pathogenesis of SSc. Analysis suggests that serum cICAM-1 levels are linked to the severity of this disease. Further studies are needed to document the conditions of release and the potential immunoregulatory role of cICAM-1 in SSc. Prospective serial studies are also required to de®ne the potential use of the assay in clinical staging and management.
